Also a TCA program for hypoid gear drives was developed by Litvin and Gutman (ref. 7) . Methods for the generation of conjugate gear tooth surfaces are very important in theoretical and practical aspects. These surfaces will have a higher load capacity and reduce the amount of mesh generated noise. The contents of this paper cover the generation of (1) spiral bevel gears with almost zero kinematic errors, and (2) helical gears with circular arc teeth. Adjustment of helical gears with circular arc teeth to the misalignment is also considered. The TCA program determines the line of action which represents the set of contact points in the fixed coordinate system and the working line which represents the set of contact points on the gear tooth surface. Due to the elasticity of gear tooth surfaces the contact of gear tooth surfaces is spread over an elliptical area. The bearing contact is formed by the set of contact ellipses whose centers are located at the points of the working line. We may * determine the orientation of the instant contact ellipse and its dimension if the principal curvatures and directions for the contacting surfaces and their elastic approach are known.
NONENCLATURE

Generation of Spiral Bevel Sears with Improved Criteria
The Gleason machining method for the generation of spiral bevel gears may provide improved conditions of meshing and bearing contact if certain machinetool settings are used for pinion generation.
The generation of Gleason's spiral bevel gears is based on the following principles: (1) Figure 2 shows the head-cutter used for the gear generation. The shapes of the blades of the head-cutter are straight lines which generate two cones while the head-cutter rotates about axis C-C. The angular velocity of rotation about axis C-C does not depend on the generation motion but on the desired velocity of cutting only. Two head cutters are used for the pinion generation, they are provided with one-sided blades and cut the respective tooth sides separately. The so-called cradle of the cutting machine carries the head-cutter and rotates about Xji)-axis (i -1,2) while the generated gear (pinion) rotates about zj-axis (figs. 3 and 4). is perpendicular to the gear root cone and intersects axis z 2 of gear rotation; Y2 is the pitch angle and 42 is the gear dedendum angle; #p is the angle of the cradle rotation. Figure 4 shows the pinion generation. Unlike the generation of gear 2, * the axes of rotation 4) and z, do not intersect each other, rather they cross, and AEl and aLl are the sought-for corrections of the machine-tool settings with which the meshing of gears 1 and 2 is to be improved.
The new approach to the generation of Gleason's spiral bevel gears is based on the following principles: (1) Two generating surfaces, IF and Ip are used for the generation of the pinion tooth surface, 1l, and the gear tooth surface, X 2 respectively. Both sides of the gear tooth are cut simultaneously (duplex method) but each side of the pinion tooth are cut separately (single method); (2) Four surfaces, EF, Ip, 11, and 1 2 are in contact at the * main contact point. The proposed machine-tool settings provide that:
(a) the gear ratio function m *I)*1 ~ is of the required value at -the main point of contact, P; (b) the derivative dml 2 /d* 1 is equal to zero at P; (c) the normal to the gear tooth surfaces does not change its direction within the neighborhood of P; and (d) the contact ellipse moves along the surface (from heel to the toe) which provides better conditions for lubrication.
The main advantages of applying the calculated machine-tool settings for Gleason's spiral bevel gears are: (a) almost zero kinematical errors; (b) a higher contact ratio; and (c) the gears can be cut using the existing Gleason's equipment and tools.
The derivation of the proposed machine-tool settings is based on the following considerations: (1) The axis of rotation of the generating gear is perpendicular to the root cone; (2) The cutting ratio for the gear generation provides the coincidence of the instantaneous axis of rotation by cutting with the gear pitch line; the cutting ratio for the pinion generation is determined with the equation of meshing by cutting which must be observed for the main contact point; (3) The blade angle for the pinion satisfies the requirement * that the generating surfaces, IF and Ep, have a commnon normal at the main contact point; and (4) The corrections of machine-tool settings, aE 1 and ALl, do not depend on the cutting ratio and require the derivative dM 12 /d*l is zero at the main contact point.
A computer aided method (ref. 6) for the tooth contact analysis of spiral * bevel gears has been developed. Figure 5 shows the calculated bearing contact for a gear mesh with the parameters as shown in table 1.
The kinematic error as a function of pinion position is shown in figure 6. *
The maximum kinematic error found by the TCA as one pitch of rotation is simu-* lated for the gear is less than 0.5 arc sec.
Generation of Helical Gears with Circular Arc Teeth
Helical gears with circular arc teeth have been proposed by Wildehaber-* Novikov. Many contributions have been made to investigate this type of gearing We may imagine that EF and Ep are the surfaces of two rigidly connected rack cutters and are in tangency along the straight line a-a ( fig. 7(a) ). The normal sections of the rack cutters are two circular arcs. While the rack cutters translate with velocity v, the gears rotate with angular velocities w and )(2), respectively. Cylinders of radii rl -v w0)and r 2 -v ~) are the gear axodes (the pitch cylinders) and plane ni, which is tangent to the cylinders, is the axode (pitch plane) of the rack cutters ( fig. 7(b) ). The line of tangency of the axodes, 1-1, is the instantaneous axis of rotation (Axis I-I passes through point I shown in fig. 7(b) and is parallel to the gear axes). Consider that the rack cutter surface IF generates gear 1 tooth surface 11 and Ep generates gear 2 tooth surface 1 2 . Surfaces IF and El, and correspondingly Ep and 1 2 , are in line contact, but 1l and 1 2 are in point contact.
Two hobs and two grinding wheels may also be used instead of two rack cutters for the generation of gears. The design of these tools is based on the idea of application of two rack cutters. The shape of these mating tools depends on the gear pitch only and the same tools can be used for the generation of mating gears with different combination of teeth. The normal sections of two mating gears are shown in figure 8.
The TCA program developed by the authors is based on the principles presented in this paper. This program determines the bearing contact and the kinematic errors exerted by the misalignment of the gears. For instance, figure 9 shows the location of the contact ellipses for the gears with the unchanged ( fig. 9(a) ) and changed ( fig. 9(b) ) center distance.
The adjustment of the gears to the misalignment is based on the refinishing of one of the mating gears (usually the pinion) with the calculated change of the gear parameters (ref. 8). Here are some examples which illustrate this approach.
The change of the gear center distance, AC, brings in the dislocation of the bearing contact which moves to the bottom or to the top of the tooth according to the sign of AC ( fig. 9) . That dislocation may be avoided just by the change of the vertical setting of the generating surface IF which generates the pinion. Now, consider that due to the misalignment of the axes of gear rotation they become not parallel but skewed. An example of how misalignment induced kinematic errors could be almost eliminated is shown in table It. The induced kinematic error may be represented by an approximate linear function; the maximum value of the kinematic error is about 60 arc sec. Changing the lead angle from 750 to 75.100 we could compensate in full for the kinematic error. .. 
